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ABSTRACT 
Bushfires are regular occurrences in the Australian landscape which can, under adverse 
weather conditions, give rise to losses of life, property, infrastructure, environmental and 
cultural values. Where property loss is involved, historical surveys of house losses have 
focussed on ember, radiant heat and flame contact as key bushfire attack mechanisms. 
Although often noted, little work has been done to quantify the impact of fire generated or 
fire enhanced wind and pyro-convective events on house loss and to improve construction 
practice within Australia. It is well known that strong winds are always associated with 
bushfire events. It is less well known, although increasingly shown through anecdotal 
evidence, that bushfires are not a passive companion of wind, but indeed they interact with 
winds and can together cause significant damages to exposed buildings and ecological 
structures. Previous studies have revealed the effects of wind, fire and structure interactions 
with the result of increased pressure coefficient distributions on the windward side of a 
building downstream of a fire front. This paper presents a further analysis of the result in 
relations to the relevant standards and fire weather conditions. A review of wind code and 
bushfire code was conducted. Based on the result of the current study, the authors believe it is 
necessary to consider wind as an attack mechanism in bushfire events. The results of the 
study will also have implications on bushfire emergency management, design of emergency 
shelters, perception of danger, emergency evacuation and on risk assessment.  
 
Introduction 
The phenomenon of wind and fire plume interaction at the meteorological scales has attracted 
researchers for many years (e.g. Church et al., 1980, Nelson, 2003). The most recent 
publication by McRae et al. (2012) presented the strongest evidence that the damaging power 
of bushfires is not limited to heat, combustion and radiation, but that enhanced local scale 
wind phenomena such as fire-generated local tornados can cause significant destruction. In a 
study of the Black Saturday bushfire event, Lambert (2010) revealed that the extreme 
localised winds not only were powerful enough to uproot large trees from the ground but also 
resulted in displacement of structural elements that enabled ember entry into structures 
resulting in fire damages.  
Important research has been undertaken in Australia and worldwide to investigate the 
influence of weather parameters such as temperature, humidity and wind on bushfire 
behaviour and bushfire damage to properties. Much understanding has been gained of the 
relationship between bushfire severity and environmental conditions and of the mechanism of 
damage by bushfire (Mell et al., 2010). In the first area, the roles of fuel, weather and terrain 
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in determining bushfire behaviour (e.g. rate of spread and intensity) are well known (e.g. 
Luke and McArthur, 1978, Noble et al., 1980). In the second, Australia’s Bushfire 
Collaborative Research Centre (BCRC) together with collaborating international research 
organisations have made significant progress towards understanding bushfire attack 
mechanisms (e.g. Blanchi et al., 2010), focusing primarily on the impact of embers, radiant 
heat and flame contact, as well as related factors such as fuel, wind and terrain (Mell et al., 
2010). However, while these studies have treated wind as the primary driving force for fire 
spread and ember transport, the enhancement and modification of wind by bushfire, and the 
resultant aerodynamic loading and damage to buildings have until recently been largely 
overlooked. 
Australian building standards (e.g. AS3959-2009, AS/NZS1170.2-2011) provide some 
opportunities for improved building resilience in the face of bushfire attack. However, wind 
loading does not currently form part of the design and assessment process for buildings in 
bushfire-prone communities. This is primarily due to a lack of knowledge of fire, wind and 
structure interaction, which has led to unnecessary loss in human lives, property and 
livelihoods during bushfires. This was evident in the devastating 7 February 2009 “Black 
Saturday” bushfires in Victoria where many of the destroyed or damaged houses showed 
obvious signs of wind damage (BCRC, 2009, Blanchi et al., 2010). Hence, a comprehensive 
study on fire-wind-structure interaction is urgently needed.  
Preliminary investigations of wind-fire-structure interactions were conducted recently 
(Douglas et al., 2010, Kwok et al., 2012 and He et al., 2013). These studies have revealed 
strong dependence of pressure coefficient distributions over buildings of simple geometry on 
the intensity of fire at a short distance from the building. In the current paper, the results of 
the previous studies are further analysed in light of the relevant standards, the weather data 
from Bureau of Meteorology and a risk analysis database to highlight the needs for a 
comprehensive study of wind-fire interactions and for a review of the existing standards. 
Standards for protection against wind and bushfire attacks 
The earliest attempts to codify the impacts of strong winds on structures occurred during the 
mid-1960s with the determination of return periods based on limited data of wind gust in 
tropical regions of Australia (Holmes, 2011). An interim Standard SAA Int. 350-1952 was 
developed in the 1950s which was in effect until the release of AS 1170 in 1971. In the wake 
of Cyclone Tracey in 1974, concerted efforts were made to enhance structural load of 
buildings in areas subject to high winds and improve structural integrity of buildings subject 
to cyclonic and non-cyclonic wind loads. AS 4055 Wind loads for housing further provides 
for the classification and application of standards for construction in high wind areas. 
Wind loadings are therefore a consideration in construction practice, but only to the extent 
that areas identified as high wind areas warrant structural integrity, relative to the importance 
level assigned to the building (ABCB, 2013). The performance requirement for structural 
load for housing specifies that (to the degree necessary) the building will (Henderson et al, 
2008):  
 Remain stable and not collapse; 
 Prevent progressive collapse; 
 Minimise local damage; and  
 Avoid damage to other buildings. 
Continental Australia is divided into 4 main regions as shown in Figure 1 (ABCB, 2013). The 
non-cyclonic Regions A and B form the greater part of the continent. Regions C and D 
correspond to the highest risk of tropical cyclone wind activity. In large part, the areas of 
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greatest wind load risk do not correspond to the highest bushfire risk, which is found largely 
in the south-east and south-west of the continent, whereas the greatest risk of cyclonic winds 
arises from proximity to the tropics. Although a small area of overlap does occur in northern 
NSW (and WA) in Regions B above the 30 degree latitude, the areas of greatest house loss 
from bushfire events, including much of NSW, Victoria, South Australia, Tasmania and SW 
Western Australia, have only minimal requirements for wind load protection. 
 
 
Figure 1. Division of wind regions (ABCB, 2013). 
 
Australian Standard AS 4055-2012: Wind Loads for Housing and AS/NZS 1170.2:2011 
Structural Design Actions: Wind Actions further refines the regions into sub-regions for the 
determination of wind loading requirements (ABCB, 2012). This methodology takes into 
account the roughness (or lack of) of the approaching (windward) terrain, topographical 
location, and shielding effects in determining wind load requirements. Ironically, it is the 
absence of forested vegetation which gives rise to wind load considerations whereas forested 
areas, most likely to endure bushfire events, does not. 
Coastal wind gusts may penetrate up to 200 kilometres inland, with the region within 50 
kilometres being exposed to a higher risk of wind gusts and thunderstorms. For NSW, it is 
this band of 200 kilometres that also represents the greatest risk of bushfire threat to houses 
and other buildings. 
Table 1 shows the relationship of the housing provisions requirements for cyclonic and non-
cyclonic regions of Australia (ABCB, 2013). In NSW, the coastal strip is identified within the 
sub-regions A2 and A3 and corresponds to the greatest bushfire risk in that state. Sub-region 
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A1 is found largely in western NSW, most of Victoria and South Australia, as well as south-
western WA. Tasmania is identified as falling within sub-region A3. 
 
Table 1. Housing provisions requirements of cyclonic and non-cyclonic regions of Australia 
Housing 
Provisions 
Description 
Wind Class — AS 4055-2012 
Non cyclonic 
regions A and B 
Cyclonic 
regions C and D 
Design gust wind 
speed (m/sec) 
Ultimate limit state 
wind speed (km/h) 
N1 N1 
 
34 123 
N2 N2 
 
40 144 
N3/C1 N3 C1 50 180 
N4/C2 N4 C2 61 220 
N5/C3 N5 C3 74 267 
N6/C4 N6 C4 86 310 
 
By assessing terrain category, shielding classification and topography for a given region, the 
relevant wind code provisions will come into effect. Typically, for Region A, wind ratings 
will not apply for houses close to bushland in steeper terrain, whereas houses in cleared areas 
on flat to steeper topography will. 
In contrast, work by Tolhurst (2009) and Sharples et al. (2010) suggest wind speeds of the 
order of 170-220 kph have been experienced by houses arising from pyro-cumulonimbus 
events in Victoria and Canberra. This is supported by post-fire house loss research which has 
identified wind as a major bushfire attack mechanism (BCRC, 2010). 
Just as a tropical cyclone loses its convective energy as it crosses land from the sea (Holmes, 
2012), a pyro-convective cloud is expected to lose its energy as it moves out of a fuel rich 
environment (bushland) and into an urban area. 
The BCA also provides for construction practice in bushfire prone areas through the 
application of AS 3959-2009 to meet the performance requirements against bushfire attack. 
In general, bushfire prone areas are defined by the nature of vegetation presence or absence. 
In some cases exclusions for remnants and lower threat vegetation apply. In general, bushfire 
prone land applies within 100 metres of bushland considered a significant threat, although 
some exceptions apply in relation to grasslands (50 metres) and in Victoria (all mapped 
bushfire prone areas). The Victorian Bushfire Royal Commission considered the relevance of 
the 100 metre limit, which in its view should be extended. Ahern and Chladil (1999) 
identified that approximately 80-85% of houses were lost within 100 metres, however, 
subsequent events for Canberra and Black Saturday have extended this distance to up to 250 
metres. 
The site assessment for construction levels is based on work by Douglas and Tan (2005) 
which relies largely on flame length calculations and radiant heat exposure to determine 
various exposure ratings, referred to as BAL levels in AS3959. The site assessment 
methodology is based on predominant vegetation class, effective slope and regional fire 
weather conditions (Forest Fire Danger Index or FFDI).  In NSW, the fire weather conditions 
are notionally based on a 50 year return period, however, the basis of such a return period for 
NSW has only recently been determined  (Douglas, 2013).  
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Bushfire-wind-structure interaction studies 
Numerical investigations of bushfire-wind interaction at meteorological scale have been 
conducted by many researchers. Coen (2005), using a computer simulation package, noted 
the opposing effect of fire generated wind on fire spread when there is no natural wind. 
Cunningham et al. (2005) investigated vortex formation of buoyant plumes generated by 
wildland fires simulated as circular or elliptical sources. Sun et al. (2009) drew attention to 
coupling of the atmosphere and convective boundary layers, which are dominated by ambient 
wind and fire-induced flow respectively. These large- to medium-scale studies facilitate the 
understanding of the meteorological impact of bushfires but fail to resolve issues related to 
wind flow within 5 to 10 m of the ground and the impacts of fire-enhanced winds on 
buildings. 
At a micro-meteorological scale, focus has been directed towards the influence of wind on 
fire spread (e.g. Cheney et al., 1993, Clark et al., 1996, Meroney, 2007) or on burning 
structures (e.g. Rehm and Mell, 2009). Hostikka et al. (2008) reported a numerical 
investigation of fires at the wildland-urban interface, but their scope was limited only to the 
investigation of the thermal impact of bushfire on a building. Only recently, attention has 
been directed to the thermal and aerodynamic interactions between wind, fire and building 
structures with domain size comparable with buildings and grid size in the order of 
centimetres (Kwok et al., 2012 and He et al., 2013). It has been found in the previous studies 
that fires could change wind velocity profiles and cause rise in wind loading on buildings. At 
a location downstream of the simplified bushfire front, the wind velocity at elevations 
comparable to an ordinary building may be increased significantly due to buoyancy and 
Coanda effects (He et al., 2011). The pressure distribution over a building block downstream 
of the fire front was also found to increase with fire intensity. 
For a generic cubic structure positioned 20 m from a simulated strip-source fire, Kwok et al. 
(2012) and He et al. (2013) conducted numerical simulations which showed that maximum 
windward face centre line pressure coefficients increased approximately linearly with 
increases in fire intensity. While the pressure profile shape did not change substantially for 
different fire intensities, the increase in magnitude was substantial as shown in Table 2. 
Evidently a fire intensity of 12 MW/m, roughly representative of an intense grassfire, 
increases the maximum windward face mean pressure coefficient,    ̂, by 3.33 times over the 
case where no fire is simulated,   ̂. For the roof, side and lee faces, the results similarly 
showed increases in pressure coefficients with increased fire intensity, but the influence was 
significantly lower and given these changes decreased the magnitude of negative pressures on 
these faces they in effect decreased the wind-impact on the building. It is therefore evident 
that, at least for the simple cubic case at a distance of 20 m, the major wind-resistant design 
consideration of bushfire-enhanced winds on a low-rise building is the potentially increased 
pressures applied to the windward face by the low-level jet that exists downwind of the 
bushfire interface. 
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Table 2. Relationship between simulated strip-source fire intensity and peak windward 
pressure coefficients (after He et al., 2013), and percentage of bushfire event expected to 
generate design strength wind speeds when coupled with simulated fires. 
Fire intensity (MW/m)    ̂   ̂ Probability to exceed design wind 
pressures (%) 
0 1 0.15 
5 1.6 3 
9 2.5 13 
12 3.33 26 
 
Coping with bushfire enhanced wind 
While the interaction between bushfire-enhanced winds and building structures are of 
academic interest, it is only of interest from an engineering design standpoint if a loading 
scenario not accounted for by the Australian wind loading standard, AS/NZS1170.2 or 
AS4055, is generated. In its simplest form, this could manifest as a measurable difference in 
the shape or an increase in the magnitude of pressure loads applied to a building compared 
with what occurs during typical boundary layer wind loading.  
Large as they are, however, the increase in windward pressure coefficients due to fire 
enhancement as shown in Table 1 will only be an issue if they elevate surface pressures 
beyond what the building was designed to withstand. For this to occur, the environmental 
wind speeds must be of such a magnitude that the fire-enhancement of these winds amplifies 
them beyond that used in the design process, which is currently the wind gust with a return 
period of 500 years. For wind Region A where most bushfires occur (see Figure 1), this 
corresponds to a gust wind speed (V0.2,600) at 10 m height of 45 m/s (162 km/h), which in turn 
corresponds to a mean wind speed (V600) of 26.8 m/s (96.5 km/h) (assuming flat open terrain). 
In order to understand whether, and how often, these wind speed may be exceeded, a 
preliminary analysis of environmental wind conditions on “bushfire” days has been 
undertaken. The primary aim of this work was to derive a parent distribution of bushfire day 
environmental wind conditions so that when coupled with the increases in pressure 
coefficients discussed earlier, an estimate of the probability the amplified wind loads will be 
beyond a notional design level can be made.  
This analysis utilised Risk Frontiers’ PerilAUS database (Crompton et al., 2010) and the 
Bureau of Meteorology’s (BoM) archive of wind speed records. The bushfire component of 
PerilAUS is an archive of all recorded fire events to have caused damage to buildings or 
communities across Australia since the early 1800s. The archive was compiled using 
newspaper articles (primarily the Sydney Morning Herald and its forerunner the Sydney 
Gazette), government reports, and other published literature, and is considered largely 
complete from the mid-1920s onwards. A total number of 1064 events have been recorded 
for the period between 1922 and 2010, with date and location (latitude/longitude, some with 
multiple damage locations) of occurrence.  
To understand environmental wind conditions on the days of bushfire events, maximum daily 
mean (10 minute means are now recorded every hour) and maximum daily gust wind speeds 
were extracted from BoM wind speed archives for the nearest weather station to the reported 
fire. In order that these wind speeds accurately represent the synoptic conditions influencing 
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the fire, only those records within 10 km of a reported damage location have been used in this 
study. Where multiple observations existed within this 10 km buffer the one with the 
maximum wind speed was chosen. At this stage no attempt has been made to remove the 
influence of local terrain, topography or instrumental gust averaging times on wind speed 
records, and it is assumed that all stations are at 10 m height.  
For the period 1922-2010 the above extraction process resulted in the assignment of a 
representative environmental wind speed to 586 events. Unfortunately, due to differences in 
observational/recording practice over time, a temporal trend was found in recorded mean 
wind speeds prior to 1960, necessitating that these data be discarded so as not to yield low-
bias results. As such only the period between 1960 and 2010 (395 events) was used to derive 
the probability density function for mean wind speeds shown in  
Figure 2(a). For gust wind speed no records were assigned to any event prior to 1940, but in 
contrast to the mean data, no temporal trend was found in these data. Therefore, all 272 
records (1940-2010) were used to derive its probability density function in  
Figure 2(b). A range of distribution types were fit to these data but a Generalised Extreme 
Value (GEV) distribution was found to be optimal for both mean and gust data. In both 
instance a shape factor (k) of -0.15 was chosen indicating Type III behaviour (Holmes, 2011) 
 
 
(a) 
 
(b) 
 
Figure 2. Histogram and fitted GEV density function for the recorded daily maximum (a) 
mean wind speed (V600) and (b) gust wind speed within 10 km of reported bushfire damage 
locations. 
 
Given pressure coefficient ratios discussed by Kwok et al. (2012) and He et al. (2013) are in 
terms of mean pressures and wind speeds, when coupling these coefficients with wind speed 
distributions to determine likelihood of exceedance of a design level, it is most appropriate to 
use the mean wind speed distribution shown in  
Figure 2(a). Considering this, in the absence of any bushfire amplification it could be 
expected that only 0.15% of bushfire day wind environments will exceed the current mean 
wind speed design threshold of 26.8 m/s (96.5 km/h).  
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When considering the potential bushfire-amplification effects to a cubic structure 20 m from 
the bushfire interface, the increased pressure coefficient under a bushfire scenario means that 
only the wind velocity at a reduced level is required to produce the action equivalent to the 
no-fire scenario. The reduced velocity corresponds to a higher probability of exceedance in 
accordance with  
Figure 2(a). Table 2 shows the expected percentage of bushfire events capable of generating 
local windward face pressures in excess of those currently designed for. It is noted that an 
assumption has been made that the pressure coefficients in He et al. (2013) in the absence of 
any simulated fire are analogous to those used for design. As the fire intensity increases so 
too does the percentage of events expected to produce conditions exceeding design limits. For 
the 12 MW/m case, representative of a grassfire, more than one-quarter of fire events could 
generate pressures greater than designed for. Extrapolating these simulated results to fires of 
greater intensity, it is also possible to show that for an intensity of 17 MW/m (in this instance) 
50% of bushfire damage days could be expected to have environmental wind conditions that 
may be amplified beyond the design level. 
 
Discussion 
While only a preliminary analysis of environmental wind conditions associated with 
damaging bushfire events, coupled with a limited number of bushfire-building separation and 
intensity cases, have been assessed, it is evident that bushfire-enhanced winds have the 
potential to exceed design strength winds for a significant proportion of events. This becomes 
increasingly the case as bushfire intensity increases. It is therefore evident that further study 
of this phenomenon is warranted so that a sensible risk-based solution can be found. Initial 
simulations (Kwok et al., 2012 and He et al., 2013) suggest the primary area of engineering 
concern is the enhanced positive pressures applied to the windward face of a building. It is 
hypothesised that the low-level jet may also act to increase the likelihood of wind-borne 
debris impacting a structure and breaching the building envelope. High windward wall 
positive pressures – even if not exceeding design strength – are also worthy of further study 
as these may lead to local pressure failures of windows or doors resulting in full internal 
pressurisation, which is not designed for in Region A housing.  
Bushfire attack mechanisms never act alone. Wind, after facilitating the generation and 
transport of embers, may cause building envelope breaches, hence increase the probability of 
ember entry into a home and fire ignition by this mechanism.  
The strong wind-fire interactions impose threats not only to building structures, but, more 
importantly, also to the life of residents and fire rescue personnel. Ample examples exist 
where unanticipated or under anticipated wind-fire intensity caused loss of lives (NEWS, 
2013). Better understanding of wind-fire interactions is urgently needed to guide evacuation, 
fire fighting and rescue. 
Conclusion and Recommendation 
Based on the previous studies and the analysis conducted in the current study, it is highly 
probable that bushfire (grassland fire) enhanced wind may exceed the design wind conditions 
prescribed in the wind standards. A review of the relevant standards may be warranted to 
examine the design load for bushfire prone areas. In addition to stability and thermal 
insulation, structure integrity under windy condition should also be a concern in building in 
bushfire prone areas. Provisions may be included in the relevant standards for the building 
and shelter envelope protection against wind attack. 
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There is a need to carry out further investigations in order to understand the wind-fire 
interaction mechanisms, such that a tool may be developed to provide quick estimates of 
wind-fire interaction intensities for given weather and fire conditions. A tool of this kind 
would be very useful to guide residents and fire rescue personnel in their evacuation and fire 
fighting activities. 
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